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Overview

Michel Borghini – ’at ease with theory and being in the laboratory’
some personal reflections

Present polarized targets for particle physics experiments using
alcohol materials
frozen spin technology

Next challenge
Spin off – Polarized Target for medical applications
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Michel Borghini
some personal reflections

1978 My first contact with Michel at
CERN, just before he left the CERN’s
polarized target group
’Polarized target was an adventure
of my youth’

1980 My second contact at the Spin
Symposium in Lausanne
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Michel Borghini
some personal reflections

1979 – Several young people followed Michel’s footsteps
– Ammonia as polarized target material was at the horizon

T. Niinikoski and J.-M. Rieubland Phys.Lett.72A(1979)14
W.Meyer et al, Proc.of.the Int.Symp. High Energy Phys.Pol.Beans and Targets, Basel,

Birkhäuser, 1981 p.447 and p.451
D.G. Crabb et al., Proc.of High Energy Spin Phys., Brookhaven 1982,

AIP Proc.No.95,1982,p.488

−→ Talk of D.G. Crabb
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Dynamic Polarized Solid Target
Method:
Production of a high polarization degree in a suitable material with a high content on
polarizable nucleons and ’free’ electrons (radicals) by means of

high magnetic field
extrem low temperature
microwave irradiation→ (dynamic nuclear polarization (DNP))

Polarization detection by Nuclear magnetic Resonance (NMR) technique

In addition: Secondary qualities
radiation hardness of the polarization
easy handling – fast target material exchange or polarization refreshment
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Situation of polarized target materials:

1958 A. Abragam invented the SOLID EFFECT for nonmetal substances

triggerd by the
Overhauser Effect (1953)

Polarization of nuclei
in metals

SOLID EFFECT −→ Dynamic Nuclear Polarization (DNP)

1962 First polarized target for particle physics experiments in SACLAY
20MeV pol. protons on pol. protons in LMN-Nd3+ crystals
Pt = 70 %; f=3 %; poor radiation damage resistance of the polarization

ratio of pol. to unpol. nuclei

1. Reminder: FOMtarget ∼ f2
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Michel Borghini:
’at ease with theory...’ (1)

1965: Michel Borghini moved from Saclay to CERN
’better’ pol. target materials was a priority of research
(Borghini – CERN Yellow Report 66-3,1966, ’Choice of substances for pol. proton targets’)

1968: Breakthrough with a Butanol+5 % H2O + Prophyrexide mixture (f=13.5%)
(S. Mango ,Ö. Runolfsson, M.Borghini, NIM72(1969)456)

Target material for better cooling
in form of beads (1–2mm)
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Michel Borghini:
’at ease with theory...’ (2)

1968: M.B. new phenomenological model of DNP
’Spin temperature model’ −→ ’Borghini Model’

Up to that time:
Provotorov theory correctly describes the behaviour of dipolar coupled spin systems
under saturation
With the exception of the solid state rate equations so far the considerations were
restricted to the ’so called’ High Temperature Approximation
This assumption is far from being valid under usual conditions of a DNP experiment
Within this framework an expression for the spin temperature can be derived
(degree of saturation; width of the resonance line; time constants)

M.B. also found a way to experimentally test the predictions in the low
temperature regime
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Michel Borghini:
’.. and being in the laboratory’ (1)

Samples: Partially and fully deuterated alcohols and diols

proton pol. compared to the deuteron or 13C polarization

−→ Polarized Solid Targets came into fashion in every particle physics laboratory in
the 1970s and 1980s
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Michel Borghini:
’.. and being in the laboratory’ (2)

Target temperature T and magnetic field B: Pt ∼ µB
kT

2. Reminder: FOMtarget ∼ Pt
2

years T[K] B[T]

1960s 1.0 1.8
1970s 0.5 2.5
>1974 <0.1 2.5

CERN: 1. Frozen Spin Target
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�frozen spin polarized target�
�a real one� � Niinikoski (CERN) 1974

T.O. Niinikoski, NIM 134 (1976) 219 

T.O. Niinikoski, NIM 134 (1976) 219 

Bfsp = 1 T (spectrometer field)
τ(propandiol) ~ 40 days @ 50 mK
nealy 4π angular acceptance
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�frozen spin polarized target�
�measurement of the GDH sum rule� (Bonn/Mainz 1998 � 2003)

design and set-up : polarized target group� PI Bonn
[NIM A 436 (1999) 430]
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�frozen spin polarized target�
�measurement of the GDH sum rule� (Bonn/Mainz 1998 � 2003)

Large acceptance target system
requires dedicated railway system
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Frozen Spin Targets for
Photoproduction Experiments

Longstanding request:’Complete experiment’ e.g. in pion photoproduction γN −→ πN

dσ
dΩ = dσ0

dΩ

{
1− pγΣ cos 2Φ + pyT + pγpzG sin 2Φ− pγpxH sin 2Φ− pγpyP sin 2Φ

}

dσ0
dΩ = unpol. cross sect.

pγ= γ-pol
Φ=angle between x-z plane and electr. vector of photons
~p = (px, py, pz︸ ︷︷ ︸) = pol. vector of target nucleons −→ ⊕4π detection?

in operation at Bonn, Mainz, JLab
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Some Polarization Data from Bonn
γp→ pπ0
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this work Booth et al. Bratashevsky et al. Kato et al. BnGa 201101 BnGa 20112 BnGa 2014 MAID SAID
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Situation of Target Materials (1)

1979s Proton target materials can be polarized almost completely
at every experimental condition
2.5–5.0T/100mK 5T/1K

2000s So far this was not the case for deuterated materials
’lower’ magnetic moment of the deuteron
use of radicals sufficient to cool protons (EST-concept)

W. Meyer | Borghini’s Footsteps | 20



RUHR-UNIVERSITÄT BOCHUM

Situation of Target Materials (2)

Borghini Model→ Equal Spin Temperature (EST)→ ...width of the electron spin
resonance (EPR) line
=⇒ Radicals opimized for cooling of deuterons
How do those radicals look like?
Recipe:

Radical production by irradiation, if HFS interaction is weak → deuterated materials
Chemical doping by use of ’narrow EPR radicals’:
Trityl radicals
J.H. Ardenkjear-Larsen et al, Proc.Natl.Acad.Sci. USA 100(18)(2003)10158
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A2 Data � VERY PRELIMINARY  (almost the  total statistics for dec.2013)   



 (MeV)γE
200 400 600 800 1000 1200 1400 1600

b)μ (σΔ

0

500

1000 CB data - Very Preliminary

GDH data

 D->X γTotal  - 

▪ Published GDH data  ‐ PRL 94, 162001 (05)   PLB 672, 328 (09) 

A2 Data � VERY PRELIMINARY 

Xd


)( bap  

About 30% of the total statistics



RUHR-UNIVERSITÄT BOCHUM

Next Challenge for Polarized Solid Targets (1)

Construction of a ’4π continuous mode’ polarized target

fixed target position inside detector with
no moving systems (huge external coils)
for the polarization process (DNP)

In practice: Manufacture of a thin ’internal’ superconducting coil with a sufficient
field homogeneity for the DNP process
→ B ∼2.5T; ∆B/B < 10−4

→ Thin enough to minimize particle absorption
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Next Challenge for Polarized Solid Targets (2)

Advantages:
1 No repolarization→ higher mean polarization
2 No moving systems→ higher beam time efficiency
3 Higher acceptable beam intensity→ N ∼ 1010s−1 → L ∼ 1033( cm · s)−1
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Welcome to Bochum!!!
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Internal Polarizing Coil Internal Polarizing Coil

Why internal polarizing coil?

• Target re-polarization; loss of beam time & problem in reproducing
detector position

• Replace the external magnet- polarize the target during
experiment

• It must fulfill the following conditions;
� High homogeneity ≤ 10−4

� Magnetic field ≈ 2.5 T
� Thin enough to minimize particle absorption

Theoretically this is achievable by;
• Ten layer coil with two layer correction & a current of 46 A

James M Linturi (Univesity of Mainz) Magnetic fields for polarized target experiments 08.09.2014, Dubna 11 / 18
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Michel Borghini
some personal reflections
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Michel Borghini
some personal reflections
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�continuous mode polarized target�
Continuous cooling : 4He evaporation cryostat (SACLAY 1966)

P. Roubeau Cryogenics 6 (1966) 207

PT03 Bad Honnef 6

CERN polarized target
Borghini et al. (1969) 

1st continuous cooling 4He cryostat
�Roubeau � cryostat�

Tmin ~ 1K, Q ~ 400mW
Pmax ~ 40 % @ 2.5 T
Target material : i.e. butanol



�continuous mode polarized target�
Continuous cooling : 3He � evaporation cryostat (1970)

P. Roubeau, IInd Int. Conf. on Pol. Targets, LBL (1971) 47

Roubeau�s 3He � cryostat (CERN 1970):
Tmin ~ 0.4 K, Q ~ 50 mW @ 0.655 K with 250 m³/h p.s.

Pmax ~ 65 % - ~ 90 % 
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�frozen spin polarized target�
�limitations of the frozen spin principle

�Frozen Spin Target� : � good angular acceptance (~ 4π)
� moderate luminosity L ~ 1030/cm²s (N ≈ 107/s)
� moderate mean polarization
� moderate beam time efficiency

�continuous mode� target : � bad angular acceptance (#msrad)
� high luminosity L ~ 1035/cm²s (N ≈ 1012/s)
� high mean polarization
� good beam time efficiency

Scope : combine both concepts

�4π - continuous mode� target : � good angular acceptance (~ 4π)
� high luminosity L ~ 1033/cm²s (N ≈ 1010/s)
� high mean polarization
� Good beam time efficiency

PT03 Bad Honnef 40



New concepts

60
 m

m

beam

target

internal superconducting 'holding coil�liquid helium from the still

100 mm

internal polarizing magnet

�4π continuous mode target�

∅ 44 mm, l ~ 160 mm, d ≤ 1.5 mm

goal : Bp ~ 2.5 Tesla, ∆B/B ~ 10-4

PT03 Bad Honnef 41
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